Abstract-A new mineral, mendigite (IMA no. 2014 007), isostructural with bustamite, has been found in the In den Dellen pumice quarry near Mendig, Laacher Lake area, Eifel Mountains, Rhineland Palatinate (Rheinland Pfalz), Germany. Associated minerals are sanidine, nosean, rhodonite, tephroite, magnetite, and a pyrochlore group mineral. Mendigite occurs as clusters of long prismatic crystals (up to 0.1 × 0.2 × 2.5 mm in size) in cavities within sanidinite. The color is dark brown with a brown streak. Perfect cleavage is parallel to (001). D calc = 3.56 g/cm 3 . The IR spectrum shows the absence of H 2 O and OH groups. Mendigite is biaxial (-), α = 1.722 (calc), β = 1.782(5), γ = 1.796(5), 2V meas = 50(10)°. The chemical composition (electron microprobe, mean of 4 point analyses, the Mn 2+ /Mn 3+ ratio determined from structural data and charge bal ance constraints) is as follows (wt %): 0
INTRODUCTION
Bustamite is frequently regarded as a mineral related to wollastonite or even as a wollastonite group member (Ohashi and Finger, 1978; Back, 2014) . This convergence is based on similar stoichiometry and conformation of the (Si 3 O 9 ) ∞ chains, or "dreierkette", after Grangeon et al. (2013) . However, in terms of the Corresponding author: N.V. Chukanov. E mail: chu kanov@icp.ac.ru 1 A new mineral, mendigite, and its name were approved by the Commission on New Minerals, Nomenclature, and Classifica tion of the International Mineralogical Association on May 1, 2014 , IMA no. 2014 crystal structure, the affinity of these pyroxenoids is not very close.
The crystal structure of bustamite was published for the first time by Peacor and Buerger (1962) . Later, Ohashi and Finger (1978) investigated the crystal structures of bustamite and wollastonite varieties dif ferent in composition and demonstrated substantial structural distinctions between these minerals. The crystal chemical formula of bustamite studied could be expressed as M1 2 M2 2 M3M4(Si 3 O 9 ) 2 , where Mn 2+ is predominant at sites M1 and M3, whereas sites M2 and M4 are dominated by Ca (Peacor and Prewitt, 1963; Ohashi and Finger, 1978) . ( M g 0.07 ) (Ca 0.80 ) (Si 5.57 Al 0.16 O 18 ). The idealized formula is Mn 2 Mn 2 MnCa(Si 3 O 9 ) 2 . The crystal structure has been refined for a single crystal. Mendigite is triclinic, space group P ; the unit cell parameters are a = 7.0993(4), b = 7.6370(5), c = 7.7037(4) Å, α = 79.58(1)°, β = 62.62(1)°, γ = 76.47(1)°; V = 359.29(4) Å 3 , Z = 1. The strongest reflections on the X ray powder diffrac tion pattern [d, Å (I, %) (hkl)] are: 3.72 (32) (020), 3.40 (20) (002, 021), 3.199 (25) (012), 3.000 (26), (012, 120), 2.885 (100) (221, 2 1, 1 1), 2.691 (21) (222, 2 0), 2.397 (21) (02 , 21 , 203, 031) The new mineral, mendigite, described in this arti cle is isostructural with bustamite, but differs in cation arrangement of structural sites. This mineral is named after its type locality near the town of Mendig in the Laacher Lake area, Eifel volcanic region, RhinelandPalatinate (Rheinland-Pfalz), Germany.
The type specimen is deposited in the Fersman Mineralogical Museum, Russian Academy of Sci ences, Moscow, registration number 4420/1.
OCCURRENCE
The fragment of cavernous sanidinite with mendig ite was found in the operating pumice quarry In den Dellen near the town of Mendig. The new mineral was found in a postmagmatic (probably pneumatolitic) paragenetic assemblage consisting of sanidine, nosean, rhodonite, tephroite, magnetite, and a pyro chlore group mineral. Crystals of these minerals occur in small miarolitic cavities within nearly monominer alic sanidinite. Chukanov et al. (2014) discussed in detail the for mation conditions of nosean bearing sanidinite and related complex of various manganese minerals in the Laacher Lake area. Some researchers regard sanidinite as host metamorphic rock deeply altered at high K activity, whereas others workers regard it as a mag matic rock cogenetic to parental phonolite magma. In any case, host metamorphic rocks are the most proba ble source for Mn. In particular, this is indicated by striation (interpreted as a result of primary stratifica tion) that is occasionally observed in the contact zone of sanidinite containing miarolitic cavities with Mn minerals.
MORPHOLOGY AND PHYSICAL PROPERTIES
Mendigite occurs as imperfect long prismatic crys tals up to 0.1 × 0.2 × 2.5 mm in size ( The mineral is dark brown with a brown streak and strong vitreous luster. Perfect cleavage is parallel to (001). The calculated density is 3.56 g/cm 3 .
Mendigite is optically biaxial negative, β = 1.782(5), γ = 1.796(5), 2V = 50(10)°. Due to a perfect cleavage, the measurement of α failed. The value estimated from average values of β, γ and 2V is 1.722. The dispersion of optical axes is medium, r > v. The mineral is not pleochroic. The extinction angle is about 4-5° relative to the crystal elongation (i.e., relative to [100]).
The IR spectrum of the mendigite powdery sample prepared as a pellet pressed with KBr ( Fig. 2a) was measured using an ALPHA FTIR spectrometer, Bruker Optics, within the wavenumber range 360-3800 cm -1 , at a resolution of 4 cm -1 , and 16 scans. A pure KBr disc was used as a reference.
The position (cm -1 ) and assignment of the bands in the IR spectrum of mendigite are as follows (s is strong band, sh is shoulder): 1088s, 1030s, 945s, 907s (Si-O stretching vibrations), 694, 655, 564 (O-Si-O bend ing vibrations), 515, 461s, 445, 425sh (lattice modes involving Si-O-Si bending and M⋅⋅⋅O stretching vibrations, where M = Mn, Fe, Ca). Bands corre sponding to H , B and C bearing groups are absent in the IR spectrum of mendigite. The IR spectrum of mendigite is close to that bustamite (Fig, 2b) ; as com pared with the latter, it is characterized by the high frequency shifts of the most bands.
CHEMICAL COMPOSITION
The chemical composition of mendigite was deter mined on a Tescan Vega II XMU scanning electron microscope equipped with an INCAx sight EDS operating on tungsten cathode at an accelerating volt age of 15.7 kV. The current of the absorbed electrons on Co was 0.5 nA. The take off angle of X ray radia tion was 35°, and the focal distance between sample and detector was 25 mm.
The chemical composition (wt %) is given in 
X RAY CRYSTALLOGRAPHY
The powder X ray diffraction data of mendigite (Table 2) were collected using an Agilent Technologies Super Nova diffractometer with an Atlas CCD detec tor operating at CuK α radiation (microfocusing instru ment was used), accelerating voltage 50 kV, and cur rent intensity 0.8 mA. The experiment has been car ried out using the Gandolfi method; the distance between sample and detector was 55 mm. All reflec tions of the mineral X ray diffraction pattern are indexed in the triclinic cell with the following unit cell parameters refined from the powder data: a = 7.11(2),
Single crystal X ray data were collected in a full sphere of reciprocal space on an Xcalibur Oxford Dif fraction CCD diffractometer (MoK α radiation). The calculated triclinic unit cell parameters (space group P ) are as follows: a = 7.0993(4), b = 7.6370(5), c = 7.7037(4) Å, α = 79.58 (1) Index ranges h, k, l -9 < h < 15, -17 < k < 17, -17 < l < 17
Total reflections 19616
Number of unique reflections 7567
Number of unique reflectons with I > 3σ (I) 4144 
, centered unit cell proposed by Ohashi and Finger (1978) may be realized using the matrix [0 1/1 / 00].
The structure was determined with the "charge flipping" procedure using the SUPERFLIP program (Palatinus and Chapuis, 2007) . Because of the com plex chemical composition, cation distribution through the structural sites was performed based on crystal chemical criteria taking into account displace ment parameters, interatomic distances, ionic radii of the cations, and controlling R values. The mixed curves of atomic scattering were used for a number of sites. The model was refined to final R = 5.59% using 4144 unique reflections with I > Iσ (I) in the anisotro pic approximation taking into account the twinning (twinning matrix [100/ ½ 0/20/101], the ratio of two twin components 0.6 : 0.4). All calculations were per 1 11 1 1 formed with the JANA2006 (Petricek et al., 2006) and AREN (Andrianov, 1987) crystallographic software packages. The crystallographic data, details of single crystal experiment, and results of the mendigite structural analysis are given in Tables 3-6. Mendigite is isostructural with bustamite and fer robustamite. The crystal structure of these minerals, which may be combined into the bustamite group, is based on triple row bands of M cations and wollastonite type chains of SiO 4 tetrahedra (Figs. 3-5) .
The following distribution of cations by sites M (assumed cation assignment is given in brackets taking into account the electron microprobe data) was obtained as a result of refinement taking into account the cation-oxygen distances: M1 -only Mn U eq is defined as one third of the orthogonalized U ij tensor trace. 
DISCUSSION
The major difference between the structural types of bustamite and wollastonite is the linkage of tetrahe dral chains to the system of M polyhedra (Peacor and Prewitt, 1963; Ohashi and Finger, 1978; Angel, 1985 Angel, , 1986 . This difference is illustrated in Fig. 6 tion numbers 6, 6, 6, and 6 + 2, respectively (in the polyhedron M4, two cation-oxygen distances are sub stantially longer than the other six cation-oxygen dis tances). In wollastonite type structure only three cat ion sites M1, M2, and M3 with coordination numbers 6, 6, and 7, respectively, are present.
The bustamite group members differ in the arrangement of cations at M sites. In ferrobustamite, Ca 2 Ca 2 FeCa(Si 3 O 9 ) 2 (Burnham, 1975; Yamanaka et al., 1977) predominance of Mn over Ca at the site M2 in men digite is supported by the average distance M2-O. As follows from correlation between this value and a frac tion of Ca at the M2 site obtained by means of X ray structural analysis (Fig. 7) , the Mn 2+ /Ca ratio at site M2 of mendigite is close to 2.
As is seen from available compositional data for minerals with a bustamite type structure (Mason, 1975; Ohashi and Finger, 1978; Minerals, 1981) , men digite is extremely rare in nature. In addition to the holotype sample described in this paper, only one nat ural sample is known, for which the insignificant pre dominance of Mn over Ca at the site M2 (Mn 2+ : Ca = 51 : 49) could be assumed. It comes from a lens of manganese ore hosted in dolomite marble of the Mit suka deposit, Japan (Ohashi and Finger, 1978) . Comparative data for mendigite and related miner als are given in Table 7 . It should be emphasized that the new mineral substantially differs from bustamite and ferrobustamite in optical parameters and density.
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